at the base (3.0 to 0.6) and alveolar Po2 varies, top to bottom, from about 125 to 85 torr, The local response to hypoxia is of some interest. Von Euler & Liljestrand (1946) proposed that local hypoxia redistributed blood flow to better ventilated parts of the lung. In man, hypoxia in one lung diverts pulmonary blood flow to the other (Arborelius 1965) . Lowering the oxygen concentration of the gas ventilating a lobe of the lung in anesthetized cats and dogs produces a systematic fall in lobar blood flow (Barer et al. 1970) . In spontaneously breathing animals we have shown (Davies et al. 1973 ) that at a lobular level hypoxia profoundly affects local blood flow but does not alter ventilation. Local readjustments of flow occurring in the lung periphery may be a homeostatic mechanism of importance in disease.
In disease, particularly when it is widespread, measurement of local gas exchange is much more difficult. For efficiency of gas exchange it is the distribution of VA/Q ratios which matters, not the mean value. Separate measurements of zonal ventilation and perfusion distribution (with xenon-133) are meaningless in terms of gas exchange because the inhomogeneity within the counting region is not known. Radioactive clearance measurements following intravenous infusion will detect areas of low iA/C but give no information about the distribution around the mean value or of alveoli with high iA/C ratios.
Similar considerations apply to lobar sampling of expired gases; unless disease is confined to one lung or one lobe, regional sampling will not provide much more information than gas analysis at the lips.
Dr Hughes said, in answer to questions, that compensatory vasoconstriction in the pulmonary circulation in response to alveolar hypoxia might be less intense in man than in some other mammals: the reason for the difference was not yet known. 
Measurement of Ventilation-perfusion Distribution
Only in an ideal lung would all 3 x 108 alveoli receive an equal proportion of the pulmonary alveolar ventilation (PVA) and pulmonary perfusion Q. Any maldistribution of PA in relation to C will result in a difference between the average partial pressure of gases in alveolar air and in end-capillary blood (A-aD) since areas of high VA/Q (low Paco2, high Pao2) contribute more to ventilation than to perfusion, while areas of low VA/0 (low Pao2) contribute more to perfusion than to ventilation. In the air-breathing subject A-aDCo2 is affected mainly by zones of high VA/0 and a-ADN2 mainly by zones of low VA/C (Canfield & Rahn 1957 , Farhi 1966 . A-aDo2 is affected by both and also by right-to-left shunting and by maldistribution of diffusing capacity in relation to perfusion (Piiper 1961) .
Calculation of alveolar Po2 and alveolar Pco2 (see Rahn & Fenn 1955 ) is relatively simple, as is measurement of arterial Po2 and Pco2 with electrodes. Measurement of blood PN2, however, is difficult . Mean values of A-aDo2 and a-ADCo2 for selected groups of patients from our laboratory are in keeping with expected trends. In general, increasing severity of mechanical abnormality is associated with increasing A-aD, with obstructive defects having a relatively greater effect than restrictive defects. But the variance in such measurements is so great that only exceptionally are they useful in discriminating between groups. A-aD thus give a broad indication of the degree of overall iA/Q abnormality but are of limited value in determining the specific pattern of distribution.
An alternative approach to the problem is to analyse ventilation-perfusion distribution in terms of conceptual models of the lung, of which the best known and most widely applied is the Riley analysis (Riley & Cournand 1949 , 1951 ). This is based on the concept of 'ideal' alveolar air, of which the P02 and Pco2 are those which, if they existed throughout the lung, would be compatible with the quantitative aspects of gas exchange in that subject. The analysis thus considers the lung as if it consisted of three groups of alveoli: (1) Ideal alveoli (containing gas at ideal Po2, Pco2). (2) Ventilated, unperfused alveoli (alveolar deadspace; VA/C= oo). (3) Perfused, unventilated alveoli (venous admixture; PA/C==O).
Despite its limitations this analysis has been widely applied to the description of abnormalities which characterize a number of diseases. Further information may be obtained by applying the technique to the same subject in different physiological states, e.g. exercise or voluntary hyperventilation (Jones 1966 , Moran et al. 1968 ). More recently Riley and colleagues (Workman et al. 1965 ) have suggested that this method of calculation leads to an interaction between deadspace and venous admixture, and have modified the analysis by adding the constraint that ventilated alveoli (deadspace or ideal) have equal ventilation, and perfused alveoli (venous admixture or ideal) equal perfusion.
A more direct approach to the problem is to analyse ventilation-perfusion in terms of a statistical distribution. A log-normal distribution originally suggested by Rahn (1949) has been used by a number of workers in theoretical studies of respiratory gas exchange (Farhi & Rahn 1955 , West 1969a , b, Kelman 1970 , Chinet et al. 1971 ).
The log-normal model, in which results are expressed as a mode and standard deviation, is being applied to individual subjects by Kelman (1972, personal communication) . A distribution analysis of ventilation-perfusion ratios which is not based on an assumed distribution has been carried out by Lenfant & Okubo (1968) .
An alternative approach, which we have adopted, is to analyse respiratory gas exchange in terms of two ventilated and perfused compartments each with a different iA/C ratio and an anatomical shunt and deadspace. Models with two ventilated and perfused compartments have been utilized by Briscoe and colleagues (summarized by Briscoe & Cournand 1962) and by Farhi and colleagues ). The technique employed by Briscoe was based on analysis of nitrogen wash-out curves and division of the lung in chronic airways disease into a slow space (large volume, poorly ventilated, with low VA/C) and fast space (small volume, large ventilation with high JA/C)). Although this technique showed promise in distinguishing subgroups of chronic airways disease (Briscoe & Nash 1965 , Emmanuel & Moreno 1966 other work failed to confirm this (Filley et al. 1968 ). There is, moreover, a possibility that the abnormal nitrogen wash-out curve can be explained by series rather than parallel inhomogeneity (Cumming 1967) .
A two-compartment analysis can also be achieved by studying the overall exchange of two gases. If these gases obey Henry's law the analysis can be achieved by a simple graphical technique (Farhi 1966) which has been applied to experiments involving various inert gases in dogs , although such techniques are limited in human subjects by the physical, pharmacological or toxic properties of the gases. If the two gases under study are oxygen and carbon dioxide the analysis is complicated by the nonlinearity of the dissociation curves. Nevertheless by utilizing the individual subject's computer-produced iA/C line (for which methods exist: Kelman 1968 , Olszowka & Farhi 1969 , Pack et al. 1972 it is possible to analyse the experimental data relating to oxygen and carbon dioxide exchange in terms of two ventilated and perfused compartments. We have investigated a graphical procedure suggested by Riley (Riley & Permutt 1965) and developed a digital computer program to determine the iA/O of each of two compartments. Attempts to measure ventilationperfusion abnormality by such simultaneous analysis of oxygen and carbon dioxide data require further evaluation in clinical practice. The results, however, of a two-compartment analysis based on the study of overall gas exchange of two gases is, as has been demonstrated theoretically by , in large measure determined by the physical properties of the gases under study. In particular the capability to detect areas of low iA/C is enhanced by studying poorly soluble gases, and of high iA/ Q by highly soluble gases. At the present time in routine clinical respiratory physiology it is possible to detect ventilation-perfusion maldistribution and to assess its severity but relatively little information can be obtained about the specific pattern of maldistributioninformation which might improve diagnostic precision. Much of the problem in studying disease states is the difficulty of distinguishing between the various types of gas exchange abnormalityventilation-perfusion mismatching, diffusion limitation, right-to-left shunting and also stratified inhomogeneity in which interest has been renewed recently and which appears to be an additional important abnormality in disease (Georg et al. 1965 ). Future methods of study must aim at a better discrimination between these various abnormalities in the individual patient. It is probable that the appropriate use of gases other than carbon dioxide and oxygen will improve discrimination by reducing the degree of interaction between abnormalities.
Improved techniques of data analysis based on more elaborate mathematical models than those in current use are becoming available because of the ready accessibility of increasingly powerful and relatively inexpensive computing hardware.
Computer based techniques will also allow study of gas exchange in non-steady-state conditions, as has been described briefly elsewhere (Emery et al. 1972 ). The study of non-steady-state conditions promises to yield greatly increased information from simple respiratory manceuvres while at the same time removing the requirement to establish, in an untrained and often distressed patient, the ever dubious 'steady state'.
DISCUSSION
Dr A I Pack expanded on Dr Moran's remark that the steady state is both difficult to attain and leads to loss of information about the time course of changes: these are often of great importance. The nonsteady state could be studied with the aid of models which might for example predict the alveolar gas concentrations. The values predicted by the model could be compared continuously with the measured concentrations and the difference between them used to improve the model whose characteristics would then reflect those of the lung. Dr (1946) tried to identify the 'diffusion' component of the alveolar-arterial oxygen tension difference A-aDo2 by administering 11-13% oxygen. Their method is based on three assumptions: (1) a latent diffusion defect may become manifest at a low tension of oxygen;
(2) the venous admixture and the distribution effects produce a -much smaller A-aDo2 during hypoxia than during breathing air as a consequence of the configuration of the oxyhmmoglobin dissociation curve (ODC); (3) the venous admixture remains the same at each level of oxygenation.
The procedure for measurement is summarized by Cotes (1968). It must be performed meticulously because the value of Tl,o2 is very sensitive to the measured A-aDo2. TI,o2 may also be measured by rebreathing and by single breath methods (Micheli & Haab 1970 , Hyde et al. 1966 .
The TI,o2 is equal to the uptake of oxygen (1o2) divided by the mean pressure gradient driving 02 across the alveolar-capillary membrane. This mean gradient can be determined precisely only if the P02 gradient from gas to blood is known at every instant along the pulmonary capillary. This is calculated using the Bohr integration procedure, which requires knowledge of the alveolar, mixed-venous and endcapillary oxygen tensions (Po2) and the interrelationship between blood Po2 and 02 saturation (ODC). The most important assumption underlying the Bohr integration is that the transfer factor per segment of capillary is constant along the length of the capillary; this implies that 0, which includes the reaction rate between oxygen and hemoglobin, is likewise constant (King & Briscoe 1967) ; this is the case in hypoxic conditions (King & Briscoe 1967 , Staub et al. 1962 . The calculations are more easily performed by using charts (Farhi & Riley 1957 , Briehl & Fishman 1960 or the formula developed by Piiper (1962) .
Uneven lung function leads to underestimation of the transfer capability of the lung. The causes include the wide range of times taken by red cells to pass through the lung capillaries (transit times), uneven distribution of ventilation with respect to perfusion and uneven distribution/perfusion with respect to 71,02 (Riley & Coumand 
